19 CONTRIBUTIONS -TO SCIENCE 


DISCUSSION OF THE 
_ _ IMPORTATION OF LITHOGRAPHIC STONE. REQUISITE QUALITIES OF LITHOGRAPHIO LIMESTONE, 


«- - No lithographic stone has been imported into the United States WITH : 
since the European: war began more than.a year ago. And it is al- . REPORT ON TESTS OF THE 
most certain that no more lithographie stone will again be imported, 
owing to the fact that dd is en as a ent east- LTHOGRAPHIC STONE OF MITCHELL COUNTY, IOWA. 
ern war will cease or what its final termination may be; but ‘more : f 
especially because this country can produce, very cheaply at Litho- BY A. B. HOEN.* 
graph City, Iowa, an almost unlimited amount of this stone fully : 
equal in all respects to the best grade of Bavarian stone for litho- In order that a good understanding may be had of the subject 
graphie purposes in all its branches. ; of this artiele, it will be necessary to give a description of the process 
“3 tess : of lithography and the principles on which it depends for its sucessfull 
í working. Whose principles are very simple in nature. 
In the dawn of the preceding century Alois Senefelder, a young 
Bavarian playwright and composer, to save expense, sought “some 
cheap means of producing editions of his works. He first tried copper 
engraving, but as the plates were quite expensive and the use of the 
same plate for subsequent engraving involved the tedious grinding out 
of the existing engraving and the resurfacing of the metal, he found his 
means.and time inadequate. He had heen using slabs of Solenhofen 
limestone as mortars on whieh to grind and mix his eopped plate inks. 
In the absence of a suitable piece of paper, he one day made a 
memorandum on a clean slab of this stone, using as ink a fluid made of 
wax, soap, lamp-black and water. He had previously used this same 
preparation fo cover up mistakes in his copper engraving before eteh- 
ing. It occurred to him, on looking at the dried writing on the stone, 
that the same ink might offer a good resistance to acid and that, per- 
haps, the letters might be brought into relief by etching and then used, 
as wood blocks were, for surface printing.  Etehing with nitrie acid 
proved the correctness of his reasoning and he was able to ink letters, 
now standing in relief, with an ink ball or tampon and to obtain prints 
from the inked surfaces by applying paper under pressure, "This, 
happening in 1798-99, was the beginning of lithography. The new art 
was soon in great demand, its principles were taught to some qualified 
disciples and its practice was begun in many places, Senefelder in 
1818 produced an extensive treatise on his art, which easily supplanted 
all previous writings on the subject. It will he notieed, however, that 
the plates resulting from the process as deseribed, differed in no es- 
sential feature from those of the typographer of that day or of the 
present. The design or lettering to he printed was madé to stand in re- 
lief, so that only the raised surfaces would take ink from the inking 
roller and, in turn, communicate the impress to the printing paper. 
From the beginning, as made by Senefelder, came several unexpected 
results. It was found, if ink containing soap or grease were used to 
make the drawing on stone, that it was not necessary to etch the de- 
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sign into high relief, but that the greased parts would take ink and 
the ungreased parts would remain elean, provided the stone was kept 
damp during the operation of inking. This was the greatest advance 
made in the art since its discovery and indeed is the basis of modern 
lithography.. 

The Solenhofen stone is a compact, amorphous limestone. The 
cleanly polished surface will absorb water, not as rapidly as chalk, 
but in the same manner. It is porous. Therefore such a surface, the 
mass having an affinity for water, can be kept evenly moist by wiping 
or rolling with a wet sponge or cloth. As long as the surface of the 
stone is moist, grease and greasy or oily inks will not attach them- 
selves to it. They are prevented, by the film of water, from actual 
contact. Conversely, if the clean, dry surface be covered with grease 
or varnish, the pores of the stone will be filled and the stone will be no 
longer capable of absorbing water through its greased surface. Even 
if water be poured on such a greased stone, it would not moisten it 
with an even film, and an inking roller would secure eontaet with the 
surface and discharge the ink. 

Making use of the repugnaney of grease and water for each other 
and of the power of the stone to absorb, we should expeet and find that 
a design traced or drawn with greasy ink or greasy erayon on a clean 
stone, would fill in the pores of the stone in those parts covered by the 


design, and that the same parts would locally repel water and attract 
grease or greasy ink. 

The application and improvements of mechanical devices to the 
earrying out of this fundamental principle mark the stages in the 


progress of lithography from the time of its discovery to the present. 

It might be asked, is the compact amorphous limestone the only 
material that will respond to this dual treatment with water and 
grease? By no means. Grained glass will carry a grease design for a 
short time, but if the grease be washed out of the grain with some 
solvent, the design will be found to have disappeared and cannot be 
developed by further application of ink and water. A design or image 
formed on lithographic stone may be washed ont so that none of the 
ink remains on the surface, but may be brought back by treatment 
with water and ink together—the ink taking to the previously greased 
parts and the water keeping the previously clean parts from taking ink. 
These two sets of phenomena lead to an explanation of the principles 
underlying the lithographic process. The image on the glass could be 
removed completely by solvents of grease, but the image in the stone 
was more firmly seated and could not be removed by these media. 
Evidently the stone was affected by the grease in a way different from 
the glass. My experiments have shown that if fixed vegetable or 
animal oils be brought in contact with clean dry limestone, they will 
penetrate it, mechanically fill its pores, and thus make a printable 
image. This image, however, may be removed if solvents, such as 
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benzene, be copiously applied shortly alter the oil and stone have been 
brought together Prlonged action of the oil on the stone leads to a 
chemical as well as physical union, i. e., the fatty matter not only fills 
in the pores of the stone, but also replaces the carbon dioxide (CO.-2) 
of the stone and forms a calcium salt of fatty acid. This calcium salt 
is insoluble in both water and grease solvents and the image thus 
formed is therefore permanent. An image of like permanency may be 
formed by impregnating the stone with some light sensitive material 
which will attract grease and repel water—asphaltum for instance. 
If an image be formed in the stone with thin asphalt and be rendered 
insoluble in turpentine by exposure to sunlight this image will þe- 
have, for all practical purposes, in the same way as the fatty-acid lime 
salt When such an image is inked in the usual way the grease of the 
ink ultimately combines with the lime and the resulting image is the 
eee pe previously formed by direct application of grease or oil to the 
elean stone. 


_ As stated above, the formation of the fatty-acid lime salt, say cal- 
cium oleate, may be prevented by solvents if the latter be quickly 
applied. The combination takes place much more rapidly if the 
fatty acid itself be used in place of its glycerine salt. 


The most efficacious means of all, however, for producing this 
combination is by the double decomposition of an alkali salt of the fatty 
acid (soap), and the stone by means of one of the mineral acids Ihn 
other words, if the image be drawn or laid down on the stone with 
erayon containing soap and then etched with a solution of hydrochlorie 
acid, the soda of the soap will be taken up by the hydrochlorie acid 
(HCl), the fatty acid will be set free and will combine immediately- 
with the lime of the stone to form a lime soap. This forms the latent 
image in lithography and when the stone is washed clean with water 
and turpentine it may be faintly seen by reason of the difference in 
color of the calcium oleate from the surrounding carbonate. The latter 


too has a matte or etched appearance on account of th i 
hydrochloric acid (HCl). ah eke aor 
While the acid fixes the greasy image in the stone, it has a further 
role to play in keeping the ungreased parts clean. It was found in 
practice that acid (HCI or H NO?) and the calcium salts resulting 
from its action on the stone were far better than plain water in keeping 
tlie open parts—the ungreased parts—clean. They filled the pores of 
the stone and, even if the stone dried, prevented combination with 
grease fortuitously coming in contact with it. A still further improve- 
ment in this direction was made by the addition of gum arabie or 
similar colloid substance to the etehing fluid. The gum penetrates the 
surface of the stone and forms a film on it and at once prevents the 
taking on or spreading of the greasy ink and at the same time is ever 
ready to take up moisture. So firm a hold has the gum on the stone 
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that if a elean stone be gummed and the gum allowed to dry, oil or 
greasy ink may be smeared over this gummed surface without affecting 
the stone, which will come out perfectly clean on application of water. 


With these principles in mind we may now look into the two major 
subdivisions of the lithographic art, consideration being had for the 
characteristics of the stone which facilitate or impede its practice. 


The first process is to apply the grease locally by means of fine 
pens or brushes to the surface of a clean stone. If the stone had been 
previously grained with fine sand the local application of the greace 
may be made with lithographic crayons, which are composed of lamp 
black and hard soap. 

The graduation of shading may be produced with crayon on these 
grained stones just as it would be on grained drawing paper. When 
the drawing is complete a solution of acid and gum in water is poured 
or brushed over the stone. By this operation, termed etching, the 
grease or soap of the crayon is fixed in the stone and at the same time 
the clear parts of the stone, even the minute space between points of 
the grain, are filled in by the acid gum solution. After the gum has 
dried the ink or crayon of the drawing may be washed off with 
turpentine and the gum with water. While the water is still on the 
stone the image or delineation can be seen by reason of its remaining 
dry while the other parts hold the water. At this. stage passing an 
ink-charged roller over the stone will bring the roller in contact with 
the dry parts which will take ink and reproduce the original drawing. 
The stone is now ready for printing by application of paper under 
pressure. l i 

The second method is the reverse of this operation. It consists in 
etching or gumming the stone first and after the gum has thoroughly 
dried to engrave or cut through the gum and into the stone, so that 
wherever the design is cut in, the virgin stone is exposed. After the 
engraving has been finished the whole surface of the gummed stone 
is covered with oi], which is rubbed into the engraved lines and allowed 
to act on the stone for a half hour or less. The stone is protected by 
the film of gum, except in those places that have been laid bare by the 
graver and it is just these places that are affected by the grease. 


The stone is kept moist while printing ink is rubbed or ‘‘daubed’’ 
into the engraved lines. On account of their being greased, these lines 
readily take ink and when properly charged yield impressions on 
paper that is forced into the lines by pressure. On account of the slow- 
ness and difficulty of printing these engraved stones, they are seldom 
used as plates from which an edition is to be printed. On the other 
hand, the finest kind of line work, such as maps, seript, lettering and 


in fact all kinds of work formerly done on steel or copper, can be 


successfully imitated on fine grained lithographic stones. 
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In order to print this engraved work with commercial._economy, 
the engraving is inked with fatty ink, an impression is taken on starch- 
coated paper, and this impression is laid down ona smooth, clean 
stone and the two are brought into close contact by repeated appliea- 
tion of pressure. The greasy ink leaves the paper, attaches itself to the 
clean stone, is treated with gum and acid and a replica of the en- 
graving is thus attained wherein the lines are on the surface of the 
new stone in place of being depressed, as on the original. This process 
is the same in principle as that described under the first method, i. e,; 
it is a direct local application of the grease to the clean stone. It dif- 
fers only in method of application. These transfers, as they are called, 
are used for power press printing. A further advantage derived 
from transferring lies in the fact that the design transferred may be 
repeated on the new stone as often as the dimensions of the design will 
go into those of the new stone. Thus an actavo plate (6x91% inches) 
may be repeated eight times. on a 19x24 inch stone and every im- 
pression of the latter will yield eight copies of the original engraving. 
It is principally through this-transferring process that stones of |: 
size have lately come into-demand. A natural limit to the size of the 
stones is reached when their inereased weight and the mechanical dif- 
fieulty of handling large shets of paper become factors of economic 
importance. So it is that stones measuring 42x64x5 inches and weigh- 
ing about 1,200 pounds are the largest that are in daily use. Indeed 
even these sizes seem to be almost too large for safe handling so that 
36x52 inches is a much more popular size. 


It was siated that drawings made on glass conld be made to yield 
a few impressions, but that the image lacked permanency, there being 
merely an adhesion of the locally applied ink to the glass. Glass is 
neither porous, nor does it combine chemically or physically with 
grease. On the other hand, we found that lithographic stone had the 
power not only of receiving the image, but also of retaining it. Be- 
tween these extremes of glass on the one hand and stone on the other 
come those materials which have found more or Jess extended use in 
the lithographic process.. Zine and aluminum are the chief of these 
substances. Both are inferior to the best stone, taking the quality of 
the work into account, and especially in the matter of control while 
in the printing press. Alumintim printing, however, has been brought 
io such a stage that for some kinds of work it offers economic ad- 
vantages, such as lightness, cheapness, flexibility (adaptation.to rotary 
presses) over stone, and, on this account, has been a formidable rival 
of stone printing in recent years. However for the finest work nothing 
has been found to equal the best grade of lithographic stone. 

The process of practical lithography has been outlined and it is 
now proposed to consider lithographic stone and the qualities which’ 
make it fit for use in the art. 
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The essentials ‘ate chemieal composition and texture. Color is a 
modifying attribute. - The following analyses of different stones, ench 
of which has been successfully printed, shows that the chemical ton- 
stituents may vary considerably notably the magnesium-calcium ratio. 
Tt is to be noted in this stage of our inquiry that ihe stone should he 
evenly etched on treatment with cold dilute acid. This will net be 
possible if the maghesium is present in large proportion. The extent 
ANALYSIS OF KENTUCKY AND BAVARIAN LITHOGRAPHY LIMESTONE, AND oF 


STONE FROM MITCHELL COUNTY, IOWA. 











INSOLUBLE IN HYDROCHLORIC ACID. 


Milica; “SIOZ m un: crete a EA pe 
Aluminum-iron oxide (AIFHEBE) 203 ....... ` 

Gimer CaO ee ANL ES NINET Trace. 
Magnesia, MEOW. neda i... romu onne ATEA E ARESA pinlalıleın None. 


SOLUBLE IN HYDROCHLORIC ACID. 


Alumina, ABO. 00 DESECI voce e : den 
.56 
Lime, CaO...... 53.80 
Soda, Na20......... 07 
Potash, K20 
Humus TA. f A oaie ayi TERS 
Hysroscopic water, H20., a: 
Water of composition, Hg0..... K R Men 
Carbon anhydride, CO2 nadia nica void 42.6 ds 

Sulphuric anhydride, SOg.. Stivsscnecuevesuceccenaduvesucsver None. ‘race. 














Totala EHE ROLLEN ' 99.90) 99.88 








*Chemical Laboratory of U, S. Geological Survey. s 
tAnalysis by A. B. Hoen. r nr 
to which the isomorphous magnesium carbonote may replace the lime 


without affecting the working qualities of the stone, has ‚not been 
determined. Tt is really a question of solubility in cold acid and the 
answer is to be sought by experimenting in this direction. Cold dilute 
hiydrochloric acid, however, will readily etch avery impure lime- 
stone when the impurities are mechanical admixtures of silica and 
alumina. These impurities remain in the solution of calcium chloride 
as a muddy sediment and the etched surface of the stone will show the 
roughness due to resistance of these insoluble particles to the acid. Im- 
purities of this kind are very objectionable and, if present beyond a 
small percentage, unfit the stone for use for fine engraving. Besides 
the roughness in the etching, they ane apt to make the stone uneven 
in texture, so that the graver would cut unevenly. LA; 
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The low percentage of silica and alumina in the Mitchell county 
«stone is remarkable and is a decidedly strong point in its favor. The 
absence of hygroscopic water may be accounted for by the fact of the 
stone’s having been for several months in a warm, dry room. Chemi- 
-eally, the points of difference between the Towa stone and the Ger- 
man and Kentucky stones, favor the former. 


There is a kind of impurity which would not show in analysis, yet 
is of serious nature when present even in small amount. It is the 
presence of crystals of calcite throughout the mass of the stone or in 
veins. Crystalline limestone does not absorb water evenly, nor com- 
bine with grease in such a way as to be subject to control. Again, on 
account of the unequal hardness of the erystals and the matrix, it is 
not possible to engrave easily and satisfactorily on a stone showing 
such defeets. Caleite is usually eonfined to veins ( faults), but occa- 
sionally is developed in the mass of the stone itself. German stones 
rarely show the latter phase. Of the several samples of Mitchell 
county stone, those taken from layers above those marked: XX in the 
accompanying illustrations are badly marked, not only with the 
crystals in the mass, but by numerous marks of interruption in the 
process of sedimentation. A cross section made perpendicular! y to the 
‘plane of desposition shows the presence of these irregularities in 
‚composition, as well as unevenness in texture. 

In the polarising microscope sections taken even from the best 
layer, show a sprinkling of microscopie erystals of calcite and when 
‘these are crowded together they become apparent to the unaided eye 
‚as an unevennss in th otherwise unbroken color of the stone. 

The best German stone also shows these microscopic crystals of 
‚ealeite and indeed the whole amorphous groundmass of both the 
foreign and domestic stones seem to be bound together by this 
anisotropic medium. i 

The principal layer, however, is almost free’ from visible crys- 
‘talline particles and it is from this layer that the sample stone from 
which the accompanying illustration was printed is taken. 

Lithographie stone should he of even texture, amorphous, free 
from inclusions of grit and chalk. It should be hard enough to re- 
sist the graver to some appreciable extent, yet not so hard as to make 
engraving dificult. This is a condition that is difficult to describe 
‘and cannot be expressed in terms of the common scale of hardness, al- 
though it is easily learned after afew trials with a knife point or 
needle. 

The soft stones (yellow of the Solenhofen quarry) are too soft 
or “chalky”? for fine engraving. The dark blue stones, on the con- 
trary, are so hard that the engraver has to apply such force that the 
effort of holding his tool becomes tiresome and the tool itself quickly 
loses its point either by wear or by breaking. The hardest stones, 
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however, will carry the finest lines, while similar work on soft stones 
appears rough and easily wears away. For these reasons stones of in- 
termediate hardness, which embody the good qualities of both the 
extremes, are most in demand by lithographers and command the high- 
est price. These degrees of hardness are accompanied, in the German 
stones,by a corresponding variation in color The soft stones are of a 
yellow manila-paper tint, the hardest are a blackish gray, while the 
stones of intermediate hardness are of a grayish buff. So constantly 
do these colors vary with each other that stones, otherwise perfect, are 
listed, bonght and sold, almost solely on the basis of their color. The 
Towa stone is a lithographie anomaly in respect to its color. It is light- 
er in shade than even the softest of the yellow German stones, yet is of 
such fine texture and of such comfortable hardnss that the engravers 
who tried it expressed themselves as much pleased with its behavior- 
under the needle point. Of course, the tints of the German stone are 
the exponents of varying degrees of com pactness, which in turn modi- 
fies in a direct or indirect way the more or less constantly present per- 
centage of colored impurities. The very small proportion of coloring 
matter present in the Iowa stone, as compared with the others given 
in the analyses, affords an explanation of the anomaly above referred 
to. = 

As absorption of water is one of the two essential characteristics 
of lithographic stone, some experiments were undertaken to deter- 
mine the relative absorbing power of the German and Iowa stone. To: 
do this cubes of the stone were made with faces approximately 2 centi- 
meters square. The surface presented was therefore 24 square centi- 
meters. ‘They were weighed in air and again after immersion in water 
for twenty minutes with the following results: 


Bavarian stone absorbed..............0..5- teeeeeeseeeegess+« 00270 grams, 
Iowa stone GD SOLVE naar OO Enno ara ee .00165 grams 


The same experiment was repeated, allowing the cubes to re- 
main in water twelve hours. The absorption increased for both as 
shown below: 


Bavarian stone absorbed.... sun iu nes sag 0338 grams 
Iowa stone BDBOT DE ES 0156 grams 


These figures indicate that the Iowa stone, in spite of its: light. 
color, is denser and finer grained than its Bavarian relative. To deter- 
mine in the case of the Iowa stone whether this absorption, so maked- 
ly inferior to that of the German, was sufficient for practical purposes, 
a slab o the stone about 14x20 inches was tried in the press, the print 
ing heing proceeded with in the usual way. No diffieulty was experi- 
enced in printing an edition of several thousand copies of the work, 
which was a transfer of finely ruled commercial engraving. The eolor- 
ed illustration accompanying this article was printed from the same 
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stone and it should be stated that the work was undertaken solely to 
test the printing qualities of the stone and not for any necessity for 
coloring in the illnstration itself, Following up the absorption tests, 
others were made to determine the specific gravities of the two stones, 
which were: . ` 


Bavarian stone (STAY) ren A omo nooo condal el 
Iowa stone (pale cream color)....... ara AL 


These figures accord well with what might be expected from the 
behavior of the two stones in the tests for absorption. 

Lithographie stone is not restricted to any particular geologie 
age The Bavarian stone is Jurassi some from Texas, retaceous; 
from Kentucky, probably Carhoniferor , While the stone, for which this 
comparison is made, is from the Devonian strata of Mitchell county, 
Towa. 

More significant than age is its mode of occurrence. The German 
stone lies in nearly horizontal layers, from an inch or two,up to a foot 
or more in thiekness, The ggregate thiekness of the strata is 80 feet 
(Dana). Tt is not much disturbed from its original position. This is 
important, as disturbance producés faults and fissures which fill in 
subsequently with ealeite or fe TueiNous cement, both of which are 
serious blemishes in an otherwise good stone, 

5 The mode of occurrence of the Tov 1 stone can be seen in the 
illustration, Platte VIIT. There ik cor iderable variation in the quality 
of the stone from both the quarries shown. In the Gable quarry the 
best layer is the one immediately above the floor of the quarry. Tt is 
about 2 feet thick. The same stone is shown in the Lewis quarry with 
the hammer and rule leaniı ‘ainst the fine grained layer, The stone 
from this layer is apparently hom in the sample examined, 
with the exception of the bedding ks. Tt was noticed in trueing the 
stone for printing that the surface plane intercepted planes of bedding 
at small angle and, as these hedding planes al ways inelude eign 
material, their intercepts with the plane face of the stone would be 
marked by anonte of this foreign material, The bedding planes 
appear to he not quite as true as in the Solenhofen quarries. Appreei- 
able undulations or pits were noticed in the eleavage surface of the 
sample. It is hoped that further exploitation of the quarry will yield 
layers thiek enough to be planed for use and at the same time free 
from cheeks and enleite melusions. If layers are found in which the 
process of sedimentation has góne on uninterruptedly until layers of 
2, 3-01 more inches in depth have been laid down, there wonld be little 
doubt as to the unqualified excellence of the deposit. As Professor 
Calvin’s examination was not carried heyond an observation of the 
stone exposed on the side of the hill and. as the sample submitted for 
trial was such a one as he could detach without the aid of a quarry- 
man, there is reason to hope tlıat, as the surface is removed, larger 
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and more perfect slabs may be obtained from those portions of the 
deposit that have not been subject to atmospherie action. 

The-price of stone varies from 314 to 17 cents per pound for good 
quality yellow German stones. -The gray stones bring 50 per cent. 
more. A table of the prevailing prices (for yellow stones) and cor- 
responding sizes is given herewith. 


VALUE OF LITHOGRAPHIC STONES. 
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16x22 13 26x36 +25 
18x24 E *14 26x38 *26 
19x25 16 28x38 27 
20x26 *16 28x40 28 
22x28 17 28x42 11 29 
22x30 18 29x43 12 *30 
22x32 19 30x40 12 31 
22x34 20 30x43 12 *32 
24x30 nal 30x44 12 33 
24x32 22 32x43 12 34 
24x34 23 32x44 12 *35 
24x36 +24 32x46 12 36 
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AMMO INA an 


10 
11 
*12 





*The sizes marked with an asterisk are those commonly in use, 


It is to be noted that for profitable production of lithographic: 
stone there must be facilities for handling and there should be some 
market for the waste product. As the quarry must be conducted with- 
out blasting, the expense of the slower process of gadding or chan- 
nelling must be taken into account. ; 

For the information of prospective investors the following table of 
values of lithographic stone imported into the United States from 1868 


to 1900, inclusive, is given: ; 








YEAR ENDING LSO YEAR ENDING YEAR ENDING 
JUNE 30 JUNE 30 DEC. 31 





E eect aoe $ 13,258 |1880..... t $ 56,310 [1890.,.......... $ 105,288 
1869... 17,044 |1881..... 77,894 |1891. 107,339 
ASTOR ee 14,225 111,925 |1892. 107,777 
1871... 21,311 104,318 91,849 
TEYP gaod 36,146 128,035 74,454 
1878. me 44,937 54,022 107,670: 
ao pesa 36,902 |1886.........oo.o» 71,009 ‘ 74,044 

T 41,963 [December 31.... 58,922 
1876. ieee 47,101 83,182 60,522 
SOS 44,503 113,365 86,695 
TOT ee 42,100. [188 Denen 78,077 [1800...... o. 0... 94,134 
IONE A 37,746 
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In recapitulation it may be stated that the Mitchell County stone 
is at least as good in quality as the Bavarian stone for lithography in 
all its branches and it remains to be determined whether or not it 
-<an be had in such sizes and at such cost as would warrant its enter- 
ing the market in competition with the foreign product which has so 
long been without a rival. 

Note. The foregoing tables have been taken from Mr. S. J. Kubel’s 
‚report on the production of lithographic stone in Mineral Resources 
of the United States for 1900, U. S. Geological Survey. More com- 
plete accounts of the various processes of lithography may be found 
in Richmond’s “A Grammar of Lithography” and in “Die Verfahren 
des Steindruck’s’’ by H. Weishaupt and others. - 


*As noted in the body of the report on Mitchell county, samples of the litho- 
‘graphic stone from the quarries near Osage were submitted for trial to the litho- 
graphing house of A. B. Hoen & Company, Baltimore. Mr, A, B. Hoen generously 
undertook the task of subjecting the stones to all possible practical tests. For this 
service, and for the accompaning discussion of the qualities which a serviceable 
lithographic stone must possess, the Survey gratefully acknowledges its obligations. 
Plato VIII, printed on a sample of the stone from Mitchell county, illustrates the 
quality of the work which may be done with lithographio stone from Iowa, S. C. 
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